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(54) PROPYLENE COPOLYMER AND PROCESS FOR THE PRODUCTION THEREOF 



(57) Disclosed are propylene copolymers produced 
by the aid of a specific metallocene catalyst system, 
wherein a percentage of mis-insertion in the copolymer 
is highly controlled and the copolymers possess heat- 
resisting property and a high melt strength and a low 
MFR and are narrow in molecular weight distribution 
excellent in particulate properties as well as a process 
fa producing the copolymers possessing high steroreg- 
ularity at a practical polymerization temperature. The 
gist of the present invention resides in production of pro- 
pylene copolymers wherein copoiymerization* with a.©- 
diene is carried out by the aid of a supported-type cata- 
lyst system comprised predominantly of the following 
compound (A), (B), (C) and (D) at a temperature above 
45°C: 

the compound (A): a specific metallocene com- 
pound represented by 

Q (CsH^R 1 ™) (CgH^R 2 ^ MXY, 

the compound (B): an aluminaxane, 

the compound (C): an organoaluminum compound 

and 



An important feature of the propylene copolymers of the 
present invention resides in the fact that the copolymers 
are highly stereoregular and have a ratio of a mis- 
inserted unit based on 2, 1-insertion of propylene mono- 
mer in the total propylene insertion being defined within 
a specific range. 
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the oompound (D): a particulate carrier. 



BEST AVAILABLE COPY 
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Description . 



Technical FipH 

J0001] The present invention relates to propylene copolymers and a process for producing same More cartcularlv 
the present invention relates to propylene copolymers produced by the aid of a specific m2lSne SS22f 
wherem a percentage of rrts-inserton in the copolymers is highly controlled and th^^S^e^ h ^ r S^ 

■ zSTt^Xe 9 CCp0lymere Possessing high stereoregularity at a practical polymeri- 

Background Art 

Spm 1 ™ | l ?l F S rner5 °l COpo,ymefs *** as Polypropylene or polyethylene are excellent in mechanical properties 

ESZZSZTE* 2? T M m balanCe to ^ «P« so that they are employed in 

of vanous moldings. From the past, these olefin polymers or copolymers were produced by polymerizing oVcopolvme" 

T 01 3 ZS" 2ie9 ' er ' Natta is a combinZ of a £3Z5 caSKm- 

S^tZ and/<X te,mCh,0ride * °" 8 «* - «■"-« ^with an 

I0003J hi recent years, on the other hand, a process for producing olefin polymers or copolymers by polymerizino 
or copo.ymenz.ng olefins by the aid of a new catalyst drfferent from the conventiora! catal^ys^has KTS 
»£5Z££S^ "t^ 01 3 B ** e "» and - Olefin polymS ES£££ES2 

anxZtnlfa^^ ^ ^ 8yStem dstin9uiShed by their narrow rnolecuS^gh, distribution 

TX^^S^JS^ I °° m0nOmer ^ copolymers therSn so thato.T 

hP KZJ ^ f m0re h0m0aeneous than tne conventional olefin copolymers or copolymers can 

S^"^ H0W ffi: .P 01 ^ or copolymers obtained by way of these metalled catelysts a^eWl^rS 

SSHZ T USeaCCOrtSn9 to the,ieWs 01 Wication. as corrpared with oieTSymWoTc^ly- 
mere obtained by way of a conventional catalyst system. 

aSLi JtZ^l' m f Stre " 9th and elevatina crystallizing temperature of polypropylene, there are 

^ ^.SSTf" 6 18 r6aCted an or9anic P eraxide and a crossiir^ngaSstart inmoS 
SitfnTJfl^ 1 H ° Sha 59 " 93711 and Lakl-open Patent Appin. No. SnTeT 

1 * ^ P ™!T Wher6m 3 "'"•■cnrstaJline polypropylene is reacted with a low decomposition temperature pradde 

fiSSLot^J^f J^T 8 f0f e " han6na melt and meft viscoelasticity, there are proposed a composition 

S22^ m ° r P °' yPf0py,ene merertl in intrinsic ^^cosity or molecular weigWoTa proSofpS 
duang such composition according to a multi-stage polymerization. 

[0006] Such examples include, lor example, a process wherein 100 parts by weight of ordinary DOtvoroovlene is 

ZSlfZ 5f ,0Werthan 21 °° C (Japanese Patent PuWn - No - Sh0 - 61 - 2 ***>. ^ extruded sSet 

£Z£ 9 . POfypropyfene components of a limiting viscosity ratio of at least 2 obtained according to Z 

multi-stage polymenzation method (Japanese Patent Publn. No. Hei. 1 -12770). a process for producTng^^ene 
SSSSS^* S? 01 P °^ 6ne in ***** -eragi mo'lecuter 

^nS^^ t ^ """^f^ aV r ge m0 ' eCU,ar W6i9tTt aCCOrdin S to ™IH«neading method or a multi-stage 
poiymeraaton method (Japanese Patent Publn. No. She 62-61057), a process tor producing polyethylene where* 

m B lS eCUto ^ P ° tye,hylene "^g at least a limiting viscosity of 20 dl/g is 
™ a ^S t0 Po»y^*on method by the aid 7^m»mlJSSSS^^SZ 

ZttSSZZEt *rl°- 5 796831 8 PrOC6SS ** P roducin9 Polygene wherein ,j£3E 
utar weight polyethylene having a limiting viscosity of at least 1 5 dl/g is polymerized by 0. 1 -5% by weight acoordino to 

S^ntm^S^ ^ t**™™* 0 " vessete of a specie «3iguraton^ SSSTK 

active titanium cataiys^ component sheeted to a preliminary polymerization treatment with 1-bu.ene or 4-niiS 1 
pentene (Japanese Patent Publn. No. Hei. 7-8890). *-mwnyi 1 

IS the ^ ^°T. 316 a P[ ocess for P^^ng polypropylene of high melt strength by polymerization of propyl. 
Tn^nl^?* ? P0,vmen2at,0n denved from a supported-type titaniumWining solid cati^vst 
^TJTJS* ^anoatam compomd catalyst component subjected to a preliminary potymerizafe^TeaT 
ment wrth ethylene and a polyene (Japanese Uid-open Patent Appln. No. Hei. 5-222122) and a proc^s^Drodudno 
a linear lowdensrly polyethylene (HOPE) of high melt strength by the aid of a preliminary Sm£ 
taming polyethylene of a limiting viscosity of at leas. 20 dl/g obtained by a similar o^iSZSSSR S 
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liminary polymerization with ethylene alone (Japanese Laid-open Patent Appln. No. Hei. 4-55410). 
[0008] As an attempt to enhance melt tension in case of using the metallocene catalyst system! there are proposed 
a process wherein a catalyst comprising a silica support containing 1 .0% by weight of water, a metallocene a methvl- 
aluminoxane and trnsobutylaluminum is used (Japanese laid-open Patent Appln. No. Hei 5-140224) a process 
Tf^^\t^^T compounds are **« 35 catalyst component (Japanese Laid-open Patem Appln. No 

Si!" ^ ' JapaneS6 Laid " 0pen Patent A « ),a No Hei and a process wherein Inontmo- 

nltonrte 6 used in the metallocene catalyst system (Japanese Laid-open Patent Appln. No. Hei. 7-188336) 
[0009] In these various compositions or a process for producing thereof, however, enhancement of melt strength to 
a certain degree may be recognized under the measurement condition of polyoJefins at 190"C. nevertheless problems 
still remain in enhancement of melt strength under the use condition above 200-0. remaining of odor due to a crosslink- 
ing assistant enhancement of physical properties other than melt strength such as heat-resisting property and crystal- 
lizing temperature. 7 

[0010] In case of using metallocene catalyst system, the processes proposed above may be effective to enhance 
mett tension to a certain degree under the measurement condition of polyolefin at 190»C. but are not sufficient to 
enhance melt tension at higher temperature, for example, under use condition above 200°C so that enhancement of 
melt strength is continuously desired. 

[0011] In recent years, examples of copolymers of a non-conjugated diene and propylene or the like is reported 
™~ef°!Tfr Zed * * ie aid °* a metallocene for example, in Japanese Laid-open Patent Appln. Nos. Hei 

5-222251 and Hei. 5-222121. In Examples of these publications, however, there is nowhere given the case of using • 
metallocene catalysts. It cannot but be anticipated therefore that propylene copolymers obtained by copolymerizing 
propylene at a practical polymerization temperature above 45°C by the aid of a metallocene catalyst are low in etere- 
oregularhy and not satisfactory in molecular weight in addition to insufficient melt strength so that the copolymers are 
unable to be used practically. 

[0012] In Japanese Laid-open Patent Appln. No. Hei. 7-138327. there is reported an example for copolymerization 
of propylene and an cewiiene. In this case, however, the polymerization temperature is lower than 45»C at which a 
practical polymerization is carried out and the molecular weight of the resultant copolymer is extremely low What is 
more, since the catalyst is not earned on a support, mass production of copolymers in a practical process may be drffi- 
cult. 

[0013] In Japanese Laid-open Patent Appln. No Hei. 8-92317. too. there is reported an example of copoiymerza- 
tion for propylene and a polyene. However, the polymerization temperature is lower than 45°C which is a practical 
pofymenzation temperature. Further, stereoregularrty of the resultant copolymer is at any rate high at a polymerization 
ot 25 c shown in Examples but lower at a polymerization temperature above 45'C. During insertion of the total propyl- 
ene, a ratio of a mis-inserted unit based on 2.1-insertion of propylene monomer ts greater than 1 .0% so that it cannot 
be said that control of high stereoregularrty is made. Moreover, the catalyst system is not earned on a support so that 
» mass production of the copolymer is impossible in a practical process. 

[0014.] This publication nowhere gives any description or suggestion on heat- resisting property of a copolymer of 
propylene or the tike olefin with an a.«>4iene copolymerized by the aid of a metallocene catalyst system 
[0015] Accordingly, it is an object of the present invention to provide propylene copolymers possessing a narrow 
molecular weight distribution, high melt strength, heat-resisting property, a low MFR and excellent in particulate prop- 
« ernes wherein the percentage of mis-insertion in the copolymer is highly controlled as well as a process tor producing 
the copolymers wherein high stereoregularrty is maintained even at a practical polymerization tenperature. 

Disclosure of t he Invention 



is 



so 



25 



30 



45 



[001 6] The present invention has been proposed to achieve the aforesaid object and has an important feature in 
copolymerization of propylene with a small amount of an a,<o-diene by the aid of a specific catalyst system 
[001 7] According to the present invention, there is provided propylene copolymers comprised predominantly of a 
copolymer of propylene and an a.aKtiene and having a melting point of 147-160-C, a ratio of a mis-inserted unit based 
„ °" 2, ;'™ e 2^ l .. 0< P ro Py |en e monomer in the total propylene insertion being 0.05-1.0%, a content of the a.axliene 
so being 0.01-2% by weight, and an Mw/Mn being 1.5-3.8. 

[0018] According to the present invention, there is also provided the aforesaid propylene copolymers wherein a 
merang point is 152-160°C. 

[0019] According to the present invention, there is further provided propylene copolymers comprised predominantly 
of a random copolymer of propylene and 0.1-15% by weight of ethylene and/or an a-defrn having at least 4 carbon 
atoms and having melting point of 100-16O*C. a ratio of a mis-inserted unit based on 2.1-insertion of propylene mono- 
mer in the total propylene insertion being 0.05-1.0%. a content of an a.oxiiene being 0.01-2% by weight and an 
Mw^n being 1.5-3.8. which has been obtained by conducting copolymerization of propylene and ethylene and/or an 
a-olefin having at least 4 carbon atoms 



55 
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[0020]. . According to the present invention, there is still further provided Propyl ene-based block copolymers having 
a ratio erf a [ mis-inserted unit based on 2,1 -insertion of propylene monomer in the total propylene insertion being 0.05- 
1 .0%. and a content of an cuoxiiene being 0.01 -2% by weight, which are comprised of a propylene homopolymer or a 
propylene random copolymer containing 0.1 -15% by weight of ethylene and/or an a-olef in with at least 4 carbon atoms 
5 as a first stage polymerization product and a propylene random copolymer as a rubbery component containing 30-80% 
by weight of ethylene and/or an a-oleftn with at least 4 carbon atoms as a successive second stage polymerization 
product, a proportion of the second stage polymerization product being 5-70% by weight, and an a.o-diene having 
been random copolymerized at the first stage and/or the second stage polymerization. 

[0021 ] According to the present invention, there is still further provided the aforesaid propylene copolymers wherein 
io an a-olef in is at least one selected from the group consisting of 1 -butene. 1 -hexene and 1 -octene. 

[0022] According to the present invention, there is still further provided the aforesaid propylene copolymers wherein 

an a,<D-diene is at least one selected from the group consisting of 1,5-hexadiene. 1,7-octadiene and 1,9-decadiene. 

[0023] Acoording to the present invention, there is still further provided the aforesaid propylene copolymers wherein 

the ouo-diene is 1,9-decadiene. 
is [0024] According to the present invention, there is still further provided the aforesaid propylene copolymers wherein 

the content of the a.o-diene is from 0.01% by weight to 0.05% by weight 

[0025] According to the present invention, there is provided a process for producing the propylene copolymers at a 
temperature above 45°C by the aid of a catalyst system comprised predominantly of the following compounds (A), (B), 
(C) and (D): the compound (A) being a transition metal compound of the general formula: 

20 

O (C 5 H 4 . m R 1 m ) (C^R 2 ^ MXY [I] 

wherein (CsH^F^J and (CsH^R 2 ^ each stand for a substituted cycloperrtadienyl group, m and n each stands for 
an integer of 1-3. R 1 and R 2 may be the same or different and each stands tor a hydrocarbon group with 1 -20 carbon 

25 atoms, a silicon-containing hydrocarbon group, with the proviso that the site and kind of R 1 and R 2 on the cyclopenta- 
dienyl rings should take a configuration where any symmetrical plane containing M is absent and that R 1 or R 2 is exist- 
ent in at least one carbon atom adjacent to the carbon atom connected to Q in at least one cyclopentadienyl ring. Q 
stands for a bivalent hydrocarbon radical, unsubstituted silylene radical or a hydrocarbon-substituted silylene radical 
bridging the groups (CsH^R 1 ™) and (CsH^R 2 ^, M stands for a transition metal Ti, Zr or Hf, and X and Y may be the 

30 same or different and each stands for a hydrogen atom, a halogen atom or a hydrocarbon group. 

the compound (B) being an aluminoxane, 

the compound (C) being an organoaluminum compound, and 

the compound (D) being a finely particulate carrier. 

35 

[0026] According to the present invention, there is still further provided a process for producing the aforesaid pro- 
pylene copolymers wherein the compound (A) is dimethylsilylene(2,3.5-frimefr^ 
dopentadienyl)zirconium dichloride or dimethylsilylene(2,3,5-trimetr^^ 
pentadienyl)hafnium dichloride. 
40 [0027] According to the present invention, there is still further provided a process for producing the aforesaid pro- 
pylene copolymers wherein the copolymers are produced by a vapor phase polymerization process. 

Brief Description of the Drawing 
45 [0028] 

Fig. 1 is a flow sheet showing a process for producing propylene copolymers of the present invention. 
A Best Embodime nt for carrying out the Invention 

50 

[0029] An important feature of the present invention resides in propylene copolymers polymerized at a temperature 
above 45°C by the aid of a supported-type catalyst system using a specific metallocene compound. 
[0030] Propylene copolymers obtained according to this process are the copolymers of high stereoregularity having 
a melting point of 147-160°C. preferably 152-160°C which have not been obtained by using conventional catalyst sys- 
55 terns. 

[0031] The support ed-type catalyst system used in the present invention is comprised predominantly of the follow- 
ing compounds (A). (B). (C) and (D): the compound (A) being a transition metal compound of the general formula: 
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Q(C5H4. m R 1 rn )(C 5 H4.„R 2 I JMXY 



ra 



wherein iqjjj l J and I (CjH^R 2 ,,) each stand for a substituted cydopentadienyl grot*, m and n each stands for 
an integer of 1-3. R 1 and R may be the same or different and each stands for a hydrocarbon group with 1-20 carbon 
atoms, a silicon-containing hydrocarbon group, with the proviso that the site and kind of R 1 and R 2 on the cyclooenta- 
dienyl rings should take a configuration where any symmetrical plane containing M is absent and that R 1 or R 2 iTexist- 
ent in at least one carbon atom adjacent to tie carbon atom connected to Q in at least one cydopentadienyl ring Q 
stands for a bivalent hydrocarbon radical, unsubstituted silyiene radical or a hydrocarbon-substituted silylene radical 
bridging the groups (C 5 H 4 . m R 1 m ) and (CbH^R 2 ^. M stands for a transition metal Ti. Zr or Hf. and X and Y may be the 
same or different and each stands for a hydrogen atom, a halogen atom or a hydrocarbon group. 

the compound (B) being an aluminoxane. 

the compound (C) being an organoaluminum compound, and 

the compound (D) being a finely particulate carrier. 

[0032] The propylene polymers or copolymers of the present invention obtained by the aid of the carrier type cata- 
lyst system at a temperature above 45°C are defined as given in the following factors (1)-(3) : 

(1) Propylene copolymers comprised predominantly of propylene and an a.owJiene having a melting point of 147- 
160»C. preferably 152-160»C. a ratio of a mis-inserted unit based on 2.1-insertion of propylene monomer in the total 
propylene insertion being 0.05-1 .0%. a content of the a.«KJiene being 0.01-2% by weight and an Mw/Mn being 1 .5- 

3.8. 

(2) Propylene copolymers comprised predominantly of a random copolymer of propylene and 0. 1 -1 5% by weight of 
ethylene and/or an a-olefrn having at least 4 carbon atoms and having melting point of 100-160°C. a ratio of a mis- 
inserted unit based on 2.1-insertion of propylene monomer in the total propylene insertion being 0 05-1 0% a con- 
tent of an a.«Kiiene being 0.01 -2% by weight, and an Mw/Mn being 1 .5-3.8. which has been obtained by conduct- 
ing copolymenzation of propylene and ethylene and/or an o-olefin having at least 4 carbon atoms. 

(3) Propylene-based block copolymers having a ratio of a mis-inserted unit based on 2.1-insertion of propylene 
monomer in the total propylene insertion being 0.05-1.0%, and a content of an a.axiiene being 0.01-2% by weight 
which are comprised of a propylene homopolymeror a propylene random copolymer containing 0.1 -15% by weight 
of ethylene and/or an a-olef in with at least 4 carbon atoms as a first stage polymerization product, and a propylene 
random copolymer as a nfcbery component containing 30-80% by weight of ethylene and/or an a-olefin with at 
least 4 carbon atoms as a successive second stage polymerization product, a proportion of the second stage 
polymenzation product being 5-70% by weight, and an a.oHiiene having been random copofymerized at the first 

. stage and/or the second stage polymerization. 

[00331 Any of the diene compounds having a vinyl bond at at least a-posrtion and opposition can be used as the 
a.o>diene compound used in the present invention, which may have a linear chain structure or a branched chain struc- 
m 'HO* "IS! C ° nta ' n a heter0 atom 8U * as an ox y9 en atom - a sulfur atom or a boron atom, or a hetero atomic group 
llusti^eofthea.oHJienecompoundare. for example. 1.3-butadiene. 1 .4-pentadiene. 1.5-hexadiene. 1.6-heptadiene 
1.7-octadiene, 1.8-nonadiene. l.JNJecadiene. 1.10-undecadiene. 1,11-dodecadiene. l.13tetradecadiene anddrvinyl- 
benzene. Preferable are 1.5-hexadiene. 1,7-octadiene. and 1 .^decadiene. and more preferable is 1 9-decadiene A 
content of the a.o-diene is preferably 0.01-0.1% by weight. If the content is excessive, a gel portion will be formed thus 
resulting in inconvenience such as reeyding by re-melting being difficult. 

[0034] Examples of the a-olefin utilizable for the present invention indude. for example. 1-butene. 1-hexene. 2- 

odene. 1 -dece ne, 4-m etnyH -pentene and styrene. Among them. 1 -butene is especially preferable 

[0035] No limitation exists in the process tor producing the propylene copolymers (1)-(3) of the present invention so 

far as the process satisfies the aforesaid factors. The propylene copolymers can. however, be produced preferably by 

carrying out (the polymerization at a temperature above 45»C by the aid of the supported-type catalyst system 

[0036] Examples of the compound (A) in the supported-type catalyst system indude any of the compounds 

involved in the above definition. Illustrative of the compound (A) are. for example. dimemyldlylene(2.3.5-trimelhylcy. 

cfo^r^ieriyOp-.^S'-fo dichloride. dimetfiyldlylene<2.3.5-trirnethylcydc)pentadi. 

enyl)(2 ^.S'-trimethylcydopertadienylJzirconium dichloride. dimdhylsilylene(2.3.5-fomethylcydopemadienyl)(2•4• 5'- 

5 I^2' C ^! n !! dienyl) " rCOnium dimeth/l - dimrth y 1 sWene(2.3.5-1rimeth^ 
dopen^enyOhafnwm dichloride dimetnylsiiylene(2.3.5-fomethyic^^ 

e^f^ium dimethyl. dimethylsilylene*is(2-methyM-phenylindenyl)zirconium dichloride. dime1hylsilylene^s(2- 
^? z « !onium bichloride, etc. Especially preferable is dimethylsilylene{2.3.5-trimethylcydopentadi- 
enyl)(2 .4 .5 -tnmethylcydopentadieny1)zirconium dichloride. 
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[0037] . .Theaiuntinoxane of the compound (B) means an organoaluminum compound of the following general for- 
mula [T] or (2): 



R 3 2 AI - (OA1L - OAIR 3 2 



.(OAl)^ 

I, 



[1) 
[2] 



In these formulas, R 3 stands for a hydrocarbon group with 1-6. preferably 1-4 carbon atoms; more particularly, an alkyl 
group such as methyl, ethyl, propyl, butyl, isobutyl, perttyi or hexyi group; an alkenyl group such as ally!, 2-methytallyl, 
propenyl, isopropenyl, 2-methyl-1-propenyi or butenyl group; a cydoalkyl group such as cydopropyl. cyclobutyi, 
cydopentyt or cydohexyl group; and an aryl group. Among these groups, an alkyl group is especially preferable. Each 
of R 3 groups may be the same or different. The notation q stands for an integer of 4-30, preferably 6-30, more preferably 
8-30. 

[0038] The aforesaid aluminaxane can be prepared in any of the known methods under various conditions. More 
particularly, the following methods can be illustrated: 

(1) A method wherein a trialkylaluminum is reacted directly with water, using an organic solvent such as toluene or 
ether, 

(2) A method wherein a trialkylaluminum is reacted with a saft containing water of crystallization, for example, 
cupric sulfate hydrate, aluminum sulfate hydrate, etc., 

(3) A method wherein a trialkylaluminum is reacted with silica gel impregnated with water, 

(4) A method wherein trimethyialuminum is mixed with triisobutylaluminum and the mixture is reacted directly with 
water, using an organic solvent such as toluene or ether. 

(5) A method wherein trimethyialuminum is mixed with triisobutylaluminum and the mixture is reacted with a salt 
containing water of crystallization, for example, cupric sulfate hydrate or aluminum sulfate hydrate, and 

(6) A method wherein silica gel or the like is impregnated with water, then reacted with triiscbutylaiurninum, and 
thereafter with trimethyialuminum. 

[0039] Illustrative of the organoaluminum compound of the compound (C) are, for example, trialkylaluminums such 
as trimethyialuminum, triethylaluminum, triisopropylaluminum, triisobutylaluminum and tri-n-butylaluminum; dialkylalu- 
minum halides such as dirnethytaiurninum chloride, dimethyialurranum bromide, diethylaluminum chloride and diiscpro- 
pyialuminum chloride; and alkytaluminum sesquihaiides such as methylaluminum sesquichloride, ethytalumtnum 
sesquichloride, ethylaluminum sesquibromide and isopropytalurrinum sesquichloride. Most preferable are triethylalumi- 
num and triisobutylaluminum. It is also possible to use at least 1 of these organoaluminum compounds together. 
[0040] Inorganic supports or organic supports which are a granular or spherical particulate solid having a partide 
diameter of 1-500 um, preferably 5-300 urn are used as the compound (D). 

[0041] An oxide is preferably used as the aforesaid finely particulate inorganic carrier. More particularly, illustrative 
are, for example, SiO?. AI2O3, MgO, ZrO?. TiQ? and a mixture of these oxides. Among these oxides, a carrier containing 
as a main ingrecfient at least one selected from the group consisting of S1O2. AI2O3 and MgO is preferable. These inor- 
ganic oxide supports are usually employed after they are baked for 1-40 hours at 100-1000°C. Instead of baking, a 
chemical dehydrating method using, for example, SiCI 4 , chlorosilane, etc. may be employed. Above all. illustrative of the 
inorganic compound utilizable as earner are Si02. AI2O3, MgO. T1O2, ZnO. etc. or a mixture of these, for example, SiOj- 
Al 2 03, Si02-MgO. SiOg-TiOg. SiO2-AI 2 O 3 -Mg0, etc. Among these, carriers chiefly containing SiOg or Al 2 0 3 are prefer- 
able. 

[0042] Further, examples of the finely particulate organic carrier indude finely particulate organic polymers, for 
example, finely particulate polydef in such as polyethylene, pdypropylene, poly-1 -butene. and pdy*4-methyl-l -pentene 
and finely particulate polymers such as polystyrene. 

[0043] The catalyst system used in the present invention which is comprised predominantly of the compound (A) 
the metallocene, the compound (B) the aluminoxane. the compound (C) the organoaluminum compound, and the com- 
pound (D) the fine particulate solid support, is composed of a supported-type catalyst component chiefly containing the 
compounds (A), (B) and (D) and the compound (C) which is preferably added separately to reaction system at the time 



6 



. <EP 1008807A1_!_> 



EP1 008607 A1 

of polymerization as scavenger. 

[0044] The aforesaid supported-type catalyst component can be obtained by reacting the compound (A) with the 
compound (B) preferably in the presence of the compound (D). Usually, hydrocarbon-soluble metallocene compound 
and aluminoxane are converted into a desired supported catalyst by allowing them to deposit on a dehydrated support. 

5 [0045] The order of adding the metallocene compound and the aluminoxane may freely be changed. For example, 
the metallocene compound dissolved in an adequate hydrocarbon solvent can initially be added to the support and 
thereafter the aluminoxane can be added thereto. Alternatively, the aluminoxane and the metallocene compound are 
previously reacted together and then added to the support at the same time. It is also possible to add the aluminoxane 
initially to the support and then add the metallocene compound thereto. The temperature of the reaction is usually -20- 

w 100°C, preferably 0-100 0 C while the time required for the reaction is usually at least 0.1 minute, preferably within the 
range of 1-200 minutes. The supported catalyst can be used at need after preliminary polymerization with a small 
amount of an olefin. 

[0046] Examples of an olefin used for the preliminary polymerization include ethylene, propylene, 1 -butene, 1 -hex- 
ene, 3-methyM -butene, 4-methyl-1 -pentene, etc. At least two of these monomers may be copolymerized. 
75 [0047] The supported-type catalyst thus prepared is used for polymerization or copoiymerization of propylene pref- 
erably together with the organoaluminum compound (C) employed as scavenger. 

[0048] A Known conventional polymerization process for polymers or copolymers of propylene is applicable to a 
process for producing polymers or copolymers of propylene. Thus, a variety of polymerization processes can be 
employed such as a slurry polymerization process wherein propylene is polymerized or copolymerized in an inert sol- 

20 vent, for example, an aliphatic hydrocarbon such as butane, pentane, hexane, heptane or isooctane; an alicyclic hydro- 
carbon such as cyclopentane, cyclohexane or methylcyclohexane; an aromatic hydrocarbon such as toluene, xylene or 
ethylbenzene; gasoline fractions or a hydrogenated diesel oil. a bulk polymerization process wherein propylene mono- 
mer perse is used as a solvent a vapor phase polymerization process wherein polymerization of propylene is carried 
out in a vapor phase, a solution polymerization process wherein the resultant polymer or copolymer of propylene 

25 formed by polymerization is liquid, or a polymerization process wherein at least two of these polymerization processes 
are combined. 

[0049] A polymerization condition similar to that used for polymerization or copoiymerization of olefins by the aid of 
a known Ziegier catalyst system can be adopted, which includes a polymerization temperature of 50-1 50°C, preferably 
50-1 00°C, a polymerization pressure of atmospheric pressure to 7 MPa, preferably 0.2-5 M Pa. and a polymerization 
30 time of usually from one minute to 20 hours. In addition, regulation of the molecular weight of the obtained polymers or 
copolymers of propylene is attained by suitably selecting the above polymerization condition or by introducing a molec- 
ular weight regulator such as hydrogen into the reaction system. 

[0050] After completion of the copoiymerization, a known conventional catalyst deactivation treatment a step for 
eliminating catalyst residues, a drying step and the like after-treatment are carried out to obtain the propylene copoly- 
35 mer aimed at 

[0051] An intrinsic viscosity fo] of the propylene copolymer of the present invention measured in tetralin at 1 35°C 
was 0.2-10 dl/g. 

[0052] In the propylene copolymer of the present invention obtained as above, a relation: 
log(MS) > -l.28xiog(MFR) + 0.44 exists between melt strength (MS) at 230°C and melt flow index (MFR) measured 

ao at 230°C under a load of 21.18N. 

[0053] In this case, the melt strength (MS) at 230°C was measured using a melt tension tester Type 2 (manufac- 
tured by Toyo Seiki Mfg. Co. Ltd.) by heating an olefin polymer or copolymer composition at 230°C in the apparatus, 
extruding the molten olefin polymer or coplymer composition into the air through a nozzle having a diameter of 2.095 
mm to form a strand and measuring tension (in terms of cN) of the strand of polypropylene composition taken up at a 

45 velocity of 3. 1 4 m/min. 

[0054] The propylene copolymer of the present invention has a ratio of a mis-inserted unit based on 2,1 -insertion 
of propylene monomer in the total propylene insertion being 0.05-1 .0%. 

[0055] The ratio of a mis-inserted unit based on the 2, 1 -insertion was obtained by utilizing 1 3 C-NMR with reference 
to Polymer 30, 1350(1989). 

so [0056] As described in Japanese Laid-open Patent Appln. No. Hei. 7-138327 and Japanese Laid-open Patent 
Appln. No. Hei. 8-92317, a content of an a.axJiene can be obtained by calculation utilizing 13 C-NMR or by calculation 
of a difference between the number of moles of the diene monomer supplied at the time of polymerization and the 
number of moles of unreacted diene monomer at the time of finishing the polymerization. 

[0057] The propylene copolymers of the present invention may be incorporated with various additives such as anti- 
55 oxidants. UV-absorbing agents, antistatic agents, nucleating agents, lubricating agents, incombustible agents, anti- 
blocking agents, coloring agents, inorganic or organic fillers, or with various synthetic resins so far as the object of the 
present invention is not damaged. Usually, the copolymers are subjected to heating followed by melt-kneading and then 
to cutting to form pelletized chips for manufacturing various moldings. 
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Examples — 

[0058] The present invention will now be illustrated in more detail by way of Examples and Comparative Examples. 
The definitions for technical terms and the methods for measurements given in Examples and Comparative Exarrples 
5 are as follows: 

MFR: In accordance with JIS K-7210, the value (Unit: g/10 min.) measured under the condition 14 (under a load of 
21. 18N, 230°C) in Table 1 thereof. 

Intrinsic viscosity [tJ: A limiting viscosity measured in tetralin at 135°C was measured by way of an Ostwakfs vis- 
10 cosimeter (manufactured by Mitsui-Toatsu kagaku KK) (Unit: dl/g). 

Melt Flow Rate (MFR): In accordance with JIS K-7210, the value (Unit: g/10 min.) measured under the condition 14 
(under a load of 21 .18N, 230°C) in Table 1 thereof. 

Melt strength (MS): measured by way of a melt tension tester Type 2 (manufactured by KK Toyo Seiki Seisakusho) 
(Unit: cN). 

is Melting point (Tm): Using DSC7 type Differential Scanning Calorimeter (manufactured by Perkin-Elmer), the melt- 
ing points of polymers and copolymers of olefins were measured according to the method wherein a sample of the 
polymer or copolymer was heated from room temperature up to 230°C at a heat-elevation rate of 30°C/min., main- 
tained at the same temperature for 10 minutes, then depressed in temperature down to -20°C at a rate of - 
20°C/min. l maintained at this temperature for 10 minutes and again heated at a rate of 20°C/min. whereby a tem- 

20 perature showing a peak of melting was determined as melting point. 

Crystallizing temperature (Tc): Using DSC7 type Differential Scanning Calorimeter (manufactured by Perkin- 
Elmer). the crystallizing temperature of polymers and copolymers of olefins was measured according to the method 
wherein a sample of the polymer or copolymer was heated from room temperature up to 230°C at a heat-elevation 
rate of 30°CAnin., maintained at the same temperature for 10 minutes, then depressed in temperature down to - 

25 20°C at a rate of -20°C/min., maintained at the same temperature for 10 minutes and again heated up to 230°C at 
a temperature-elevation rate of 20°C/min., maintained at the same temperature for 10 minutes, depressed in tem- 
perature down to 150°C at a rate of -80°C/min., and further depressed in temperature at a rate of -5°CAnin. 
whereby a temperature showing the maximum peak at the time of crystallization was determined as the crystalli- 
zation temperature (Unit: °C). 

30 Molecular weight distribution (Mw/Mn): Mw, Mn and Mw/Mn were measured by calculation based on the result of 
the gel permeation chromatography (GPC) according to the following methods: Using an o-dichlorobenzene solu- 
tion having a polymer concentration of 0.05% by weight and using a mixed polystyrene gel column (for example, 
PSKgel GMH6-HT marketed by Toso K.K.), the measurement was carried out at 1 35°C. As the measuring appara- 
tus was used, for example. GPC-1 50 (manufactured by Waters Corp.). 

35 Heat stability: A propylene copolymer in an amount of 100 parts by weight was incorporated with 0. 1 part by weight 
of 2,6-di-tert-butyt-p-cresol and 0.1 part by weight of calcium stearate, and the mixture was melt-kneaded in an 
extrusion-pelletizer having a screw of 40 mm0 at 230°C and pelletized to produce pellets of the propylene copoly- 
mer. Heat stability of the copolymer was measured as follows: The resultant pellets were melt-kneaded in the 
above extrusion-pelletizer and pelletized further two times, and thereafter the melt flow rate (MFR) of the finally 

40 obtained pellets was measured (Unit: g/10 min.) according to JIS K-7210, Condition 14 in Table 1 thereof. A differ- 
ence between MFR of the initially obtained pellets and MFR of the finally obtained pellets was calculated (MFR of 
the final pellets minus MFR of the initial pellets, i.e. AMFR). The smaller the difference (AMFR), the better the heat 
stability. 

45 < Example 1 > 

[Preparation of support ed-type catalyst] 

[0059] In a well dried 500 ml flask the air in which had been replaced with N 2 were placed 0.39 g (0.889 mmole) of 
so dimethyisilylene(2.3.5-trimet^^ dichloride and 267 

mmole of methyt-alurrwiaxane diluted with toluene (in terms of Al atom). The mixture is reacted together for 10 minutes. 
To this reaction mixture was added 1 0 g of silica (marketed by Grace Davison) baked at 800°C for 8 hours, and the mix- 
ture was stirred for 10 minutes. While making the flask vacuum from the top of the container, a very slight stream of 
nitrogen was introduced from the bottom. The mixture was then heated at 70°C while the solvent was allowed to evap- 
55 orate for a period of 9 hours. The resultant dried solid was cooled at room temperature overnight In a well dried 500 ml 
flask the air in which had been replaced with N 2 were placed the resultant solid catalyst and 250 ml of isopentane, and 
the mixture was cooled to 0°C. Ethylene was then added to the flask at a flow rate of 80 ml/min, continuously for 4 hours 
to effect preliminary polymerization. The supernatant liquid was then removed by decantation and the residue was 
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washed four times with 1000 ml of isoperrtane by decarrtation. The residue was dried in vacuo for 2 hours at room tem- 
perature to prepare 35 g of a supported-type catalyst. 

[Production of propylene copolymer] 

5 

[0060] In a 1 5 liter autoclave the air in which had fully been replaced with nitrogen were placed 1 2 mmole of triethy- 
laJuminum, 2 g (14.5 mmole) of 1 ,9-decadiene and 8 liters of liquefied propylene, and the mixture was stirred for 10 min- 
utes while elevating temperature to 50°C. A slurry of the supported-type catalyst in an amount of 2.18 g prepared as 
above in hexane was introduced under pressure into the autoclave while washing it with 2 liters of liquefied propylene 
io to initiate polymerization, and the polymerization reaction was carried out for 2 hours at 50°C. The resultant powder was 
1 .8 kg. On analysis of the copolymer of propylene and 1 ,9-decadiene thus obtained revealed that a melting point was 
155.8°C, a crystallizing temperature was 1 14.8°C, a content of 1 ,9-decadiene was 0.01% by weight, a ratio of a mis- 
inserted unit based on 2,1 -insertion of propylene monomer in the total propylene insertion was 0.4%, and a melt 
strength was 0.6 cN. Further, an MFR was 9.5 g/10 min, an Mw/Mn was 2.5 and a bulk density was 0.43 g/ml. 

15 

[Evaluation of Heat stability] 

[0061] The initial pellets have an MFR of 9.5 g/10 min while the final pellets have an MFR of 9.7 g/10 min. As a 
result AMFR was 0.2, thus showing excellent heat stability. 

20 

(Example 2) 

[Production of propylene copolymer] 

25 [0062] In a 1 5 liter autoclave the air in which had fully been replaced with nitrogen were placed 1 2 mmole of triethy- 
laluminum, 2 g (14.5 mmole) of 1 ,9-decadiene and 8 liters of liquefied propylene, and the mixture was stirred for 10 min- 
utes while elevating temperature to 50°C. A slurry of the supported-type catalyst in an amount of 2. 1 g prepared as in 
Example 1 in hexane was introduced under pressure into the autoclave while washing it with 2 liters of liquefied propyl- 
ene to initiate polymerization, and the polymerization reaction was carried out for 2 hours at 50°C. The resultant powder 

30 was 1 .9 kg. On analysis of the copolymer of propylene and 1 ,9-decadiene thus obtained revealed that a melting point 
was 156.6°C, a crystallizing temperature was 1 14.9°C, a content of 1 ,9-decadiene was 0.02% by weight a ratio of a 
mis-inserted unit based on 2,1 -insertion of propylene monomer in the total propylene insertion was 0.4%, and a melt 
strength was 7.5 cN. Further, an MFR was 1 .0 g/10 min, an Mw/Mn was 2.6 and a bulk density was 0.43 g/ml. 

35 ( Comparative Example 1 ) 

[Preparation of supported-type catalyst] 

[0063] A supported-type catalyst was prepared as in Example 1 except that dimethylsilylene-bis(2-methyl-4,5-ben- 
40 zoindenyl)ziroonium dichloride was used as metallocene in place of dimethylsilylene(2,3,5-trimethylcyciopentadi- 
eny0(2\4\5'-trimethylcydoperrtadienyl)zira)nium dichloride. 

[Production of propylene copolymer] 

45 [0064] In a 15 liter autoclave the air in which has fully been replaced with nitrogen were placed 12 mmole of triethy- 
laJuminum, 2 g (14.5 mmole) of 1 ,9-decadiene and 8 liters of liquefied propylene, and the mixture was stirred for 10 min- 
utes while elevating temperature to 50°C. The supported-type catalyst in an amount of 2.0 g prepared as above in a 
hexane slurry was introduced under pressure into the autoclave while washing it with 2 liters of liquefied propylene to 
initiate polymerization and the polymerization reaction was carried out for 2 hours at 50°C. The resultant powder was 

so 2.0 kg. On analysis of the copolymer of propylene and 1 ,9-decadiene thus obtained revealed that a melting point was 
144.2°C, a crystallizing temperature was 106.7°C, a content of 1 ,9-decadiene was 0.01% by weight, a ratio of a mis- 
inserted unit based on 2,1 -insertion of propylene monomer in the total propylene insertion was 1.6%, and a melt 
strength was 5.9 cN. Further, an MFR was 1 .1 g/10 min, an Mw/Mn was 2.7 and a bulk density was 0.40 g/ml. 

55 
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< Comparative Example 2 > 
[Production of propylene copolymer] 

5 [0065] In a 1 5 liter autoclave the air in which had fully been replaced with nitrogen were placed 8 liters of liquefied 
propylene and the temperature was elevated up to 50°C while stirring. A slurry of the supported-type catalyst in an 
amount of 2.3 g prepared as in Example 1 in hexane was introduced under pressure into the autoclave while washing 
it with 2 liters of liquefied propylene to initiate polymerization and the polymerization reaction was carried out for 2 hours 
at 50°C. The resultant powder was 0.6 kg. A melt strength of the propylene polymer thus obtained was 0.2 cN. Further, 

io an MFR was 9.6 g/10 min, an Mw/Mn was 2.4 and a bulk density was 0.40 g/ml. 

[0066] As is evident from comparison of Examples with Comparative Examples, it is noted that products excellent 
in physical properties such as melt strength, molecular weight, etc. are not obtained in the case wherein a supported- 
type catalyst other than the specific metallocene compound is used at a polymerization temperature above 45°C. 

is Industrial Utilizabilitv 

[0067] According to the present invention, propylene copolymers of excellent particulate properties and heat stabil- 
ity wherein a percentage of mis-insertion in polymers is highly controlled, a molecular weight distribution is narrow, a 
melt strength is high while an MFR is low, are obtained by the aid of a specific metallocene catalyst system at a practical 
20 polymerization temperature. 

Claims 

1 . Propylene copolymers comprised predominantly of a random copolymer of propylene and an a.co-diene and having 
25 a melting point of 1 47-160°C, a ratio of a mis-inserted unit based on 2, 1-insertion of propylene monomer in the total 

propylene insertion being 0.05-1.0%. a content of the a,o>-diene being 0.01-2% by weight and an Mw/Mn being 
1.5-3.8. 

2. Propylene copolymers according to claim 1 , wherein a melting point is 152-160°C. 

30 

3. Propylene copolymers comprised predominantly of a random copolymer of propylene and 0.1-15% by weight of 
ethylene and/or an a-olefin having at least 4 carbon atoms and having melting point of 1 00-1 60°C, a ratio of a mis- 
inserted unit based on 2, 1-insertion of propylene monomer in the total propylene insertion being 0.05-1 .0%, a con- 
tent of an a,<D-diene being 0.01 -2% by weight, and an Mw/Mn being 1 .5-3.8, which has been obtained by conduct- 

35 ing copolymerization of propylene and ethylene and/or an a-defin having at least 4 carbon atoms. 

4. Propylene-based block copolymers having a ratio of a mis-inserted unit based on 2, 1-insertion of propylene mon- 
omer in the total propylene insertion being 0.05-1.0%, and a content of an cuanliene being 0.01-2% by weight, 
which are comprised of a propylene homopolymer or a propylene random copolymer containing 0.1-15% by weight 

40 of ethylene and/or an a-olefin with at least 4 carbon atoms as a first stage polymerization product, and a propylene 
random copolymer as a rubbery component containing 30-80% by weight of ethylene and/or an a-olefin with at 
least 4 carbon atoms as a successive second stage polymerization product, a proportion of the second stage 
polymerization product being 5-70% by weight and an a.o-diene having been random copolymerized at the first 
stage and/or the second stage polymerization. 

45 

5. Propylene copolymers according to claim 2 or 3, wherein the a-olefin is at least one selected from the group con- 
sisting of 1-butene. 1-hexene and 1-octene. 

6. Propylene copolymers according to any one of the claims 1 -4, wherein the a.co-diene is at least one selected from 
so the group consisting of 1 ,5-hexadiene. 1 ,7-octadiene and 1 ,9-decadiene. 

7. Propylene copolymers according to any one of the claims 1 -4, wherein the a,©-diene is 1 ,9-decadiene. 

8. Propylene copolymers according to any one of the claims 1 ^6, wherein the content of the ouco-diene is from 0.01% 
55 by weight to not more than 0.05% by weight. 

9. A process for producing the propylene copolymers of any one of the claims 1-8. which comprises conducting the 
polymerization at a temperature above 45°C by the aid of a catalyst system comprised predominantly of the follow- 
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..ing compounds (A), (B) t (C) and (D): 

the compound (A) being a transition metal compound of the general formula: 

Q(C 5 H4. m R 1 m )(C5H4. n R 2 n )MXY [|] 

wherein (C 5 H4, m R 1 J and (CsH^R 2 ^ each stand for a substituted cyclopentadienyl groip, m and n each stands 
for an integer of 1-3, R 1 and R 2 may be the same or different and each stands for a hydrocarbon group with 1-20 
carbon atoms, a silicon-containing hydrocarbon group, with the proviso that the site and kind of R 1 and R 2 on the 
cyclopentadienyl rings should take a configuration where any symmetrical plane containing M is absent and that 
10 R 1 or R 2 is existent in at least one carbon atom adjacent to the carbon atom connected to Q in at least one 
cyclopentadienyl ring, Q stands for a bivalent hydrocarbon radical, unsubstituted silylene radical or a hydrocarbon- 
substituted silylene radical bridging the groups (CsK^R 1 m ) and (CsH^R 2 ^, M stands for a transition metal Ti, Zr 
or Hf, and X and Y may be the same or different and each stands for a hydrogen atom, a halogen atom or a hydro- 
carbon group, 

15 

the compound (B) being an aluminoxane. 

the compound (C) being an organoaluminum compound, and 

the compound (0) being a finely particulate carrier. 

20 10. A process for producing propylene copolymers according to claim 9 , wherein the corrpound (A) is dimethylsi- 
lylene(2,3,5-trimethylcyclopentadte dichloride or dimethylsi- 

lylene(2,3,5-frimethyicyclopem 

1 1 . A process for producing propylene copolymers according to claim 9 or 10, wherein the copolymers are produced 
25 by a vapor phase polymerization process. 
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